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DETAILED A CTION 
Continued Examination Under 37 CFR LI 14 
A request for continued examination under 37 CFR 1.114, including the fee set forth in 37 CFR 
1.17(e), was filed in this application after final rejection. Since this application is eligible for continued 
examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) has been timely paid, the 
finality of the previous Office action has been withdrawn pursuant to 37 CFR 1.114. Applicant's 
submission filed on 1 1/22/06 has been entered. 

Claim Rejections - 35 USC § 112 
The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claim 1 recites the limitation "the predetermined member" in line 20. There is insufficient 
antecedent basis for this limitation in the claim. 

Response to Arguments 

Applicant's arguments with respect to independent claims 1, 3, 4,. 10-1 3, and 26-29 have been 
considered but are moot in view of the new ground(s) of rejection as explained hereunder. 

Applicant has amended claims 1, 12, 26 by adding new limitation "wherein the impedance setting 
section comprises: 

an impedance change unit connected to the first interconnection through a shunt, and 
a filter disposed on the shunt between the first interconnection and the impedance 

change unit and configured to select a higher harmonic as a resonance target and to cut a 
component having the fundamental frequency of the RF power." Applicant has also added 
new dependent claim 44. 
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Reference by Kubota (JP 2000-286235) when combined with Raoux et al (US Patent No. 
7,004,107) and Hilliker (US Patent No. 6,631,693) reads on limitations of amended claims 1,12, 26. 
Accordingly independent claims 1, 12, 26 have been rejected under 35 USC 103 (a) as explained below. 
Further dependent claims 3, 4, 6, 10, 1 1, 13-16, 18, 19, 27-30 and 41-44 have also been ejected under 35 
USC 103 (a) as explained below. 

Claim Rejections - 35 USC §103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject matter 
sought to be patented and the prior art are such that the subject matter as a whole would have 
been obvious at the time the invention was made to a person having ordinary skill in the art to 
which said subject matter pertains. Patentability shall not be negatived by the manner in which 
the invention was made. 

This application currently names joint inventors. In considering patentability of the claims under 
35 U.S.C. 103(a), the examiner presumes that the subject matter of the various claims was commonly 
owned at the time any inventions covered therein were made absent any evidence to the contrary. 
Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and invention dates of 
each claim that was not commonly owned at the time a later invention was made in order for the examiner 
to consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) prior art under 
35 U.S.C. 103(a). 

Claims 1, 3, 4, 11-13, 18, 19, 26, 27 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Raoux et al (US Patent No. 7,004,107) in view of Kubota et al (JP 2000-286235) 
and Hilliker (US Patent No. 6,63 1 ,693). 

Regarding Claim 1 : Raoux et al teach a plasma apparatus (Figures 1 , 5, 7, 11) that includes: 
an airtight process chamber 30 that accommodates a wafer 36; 



* 
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a gas supply system 89 and an exhaust system 88; 
first and second electrodes 40, 32; 

high & low frequency power sources 12, 17, high frequency matching unit 13, a processor 85 and 
impedance setting section (impedance tuner 108 - like an impedance change unit, and an impedance 
probe 110) connected through an interconnection to a predetermined member to be electrically coupled to 
plasma. Roux et al also teach that impedance probe 1 10 is connected both to upper electrode side and to 
the lower electrode side and is also in communication with the processor 85 and thus based upon input 
from the impedance probe 110, processor 85 can adjust impedance setting. Raoux et al further teach that 
the impedance setting section (impedance tuner 108 and impedance probe 110 with processor 85) can be 
configured to set a previously defined value of plasma impedance (could include backward impedance 
also) and in case of variation, the plasma impedance could be adjusted using impedance tuner 108 
through a processor 85 (controller) that executes a system control software program stored in memory 86. 
It would thus be obvious to adjust the impedance value based upon impedance information from the 
impedance probe 110. Roux et al additionally teach that impedance tuner 108 (impedance setting section) 
can comprise a variable capacitor (Figure 1 1) or even a parallel LC circuit. Roux et al also teach that by 
varying the capacitance of capacitor 20 (Figure 5) it is possible to adjust the frequency and amplitude of 
harmonics. Roux et al further teach a low pass filter 16 connected to the pedestal 32 for shielding low RF 
source from the high frequency RF source (column 6, lines 10-25 and column 8, line 62 to column 9, line 
40 and column 10, lines 45-65 and column 18, lines 12-62). 

Roux et al teach that impedance tuner is a variable capacitor but do not do not explicitly teach 
that the impedance control includes control of backward impedance also. Further, Roux et al teach that 
impedance tuner 108 (impedance change unit) is connected as a shunt connection to pedestal 106 (a first 
interconnection) but do not explicitly teach that a filter is disposed on the shunt between the first 
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interconnection and the impedance change unit and configured to select a higher harmonic as a resonance 
target and to cut a component having the fundamental frequency of the RF power. 

Kubota et al teach a plasma apparatus (Figures 1-6) which performs a plasma process on a target 
substrate by using plasma, comprising an airtight process chamber 1, a showerhead 16 and lower 
electrode 2 (first and second electrodes) arranged in the process chamber to oppose each other, an RF 

4 

power supply 1 1 connected to the second electrode 2 through a first interconnection, a matching circuit 10 
arranged on the first interconnection and configured to serve to automatically perform input impedance 
matching relative to the RF power and an impedance adjustment device 30 (includes variable capacitor 
40) provided in addition to the matching circuit and to set a backward-direction impedance as an 
impedance against an RF component, and capable of changing a value of the backward-direction 
impedance (paragraph 001 1-0013, 0016-0021, 0022-0024, 0030-0035, 0045). 

Therefore it would have been obvious to one of ordinary skill in the art at the time of the invention to use 
impedance adjustment device as taught by Kubota et al in the apparatus of Roux et al to avoid abnormal 
discharge in the return path of the high frequency current supplied to the lower electrode (paragraph 
0010). 

Roux et al in view of Kubota et al teach that impedance tuner 108 (impedance change unit) is 
connected as shunt connection to pedestal 106 (a first interconnection) but do not explicitly teach that a 
filter is disposed on the shunt between the first interconnection and the impedance change unit and 
configured to select a higher harmonic as a resonance target and to cut a component having the 
fundamental frequency of the RF power. 

Hilliker teaches a plasma apparatus (Figures 2, 6) wherein a reactor 104 is connected with a filter 
network 102, through a matching network 103. Hilliker further teaches that filter network 102 isolates RF 
generator 101 from the plasma load and also stabilizes the voltage waveform seen by the plasma in the 
reactor. Hilliker also teaches that the filter circuit comprises parallel resonant circuit and can allow 
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frequencies of interest (includes higher harmonics as) to be delivered to plasma and absorb the unwanted 
frequencies (including fundamental frequency of RF power). Hilliker additionally teach that location of 
filter circuit 202 can be varied with respect to impedance matching elements 1 1 1 depending upon the type 
of applications [column 1, lines 56-66, column 3, lines 1-65 and column 8, line 25 to column 9,* line 5). 

Therefore it would have been obvious to one of ordinary skill in the art at the time of the 
invention to use filter circuit connected with impedance change unit as taught by Hilliker in the apparatus 
of Roux et al in view of Kubota et al to isolate the RF generator from the effects on non-linear loading 

* 

presented by the plasma and obtain desired process results by using frequencies of interest. 

Regarding Claims 3, 4: Raoux et al teach that apparatus enables preset control profiles for each 
process can be stored in the software program in advance and the apparatus results in improved 
uniformity and stability of the plasma process on the target substrate (Column 9, lines 40-55 and Column 
21, line 60 to Column 22, line 15). 

Regarding Claim 1 1 : Rouax et al teach the value of the input impedance can be set 
(configured) and controlled as per process limitation (Column 18, lines 30-65). 

Further it has been held in courts (Case Law) as follows: 
It would have been obvious to one having ordinary skill in the art to have determined the optimum value 
of a cause effective variable such as through routine experimentation in the absence of a showing of 
criticality. In re Woodruff, 16USPQ2d 1934, 1936 (Fed. Cir. 1990). 

Regarding Claims 12, 26: Rouax et al in view of Hilliker teach all limitations of the claim (as 
explained above under claim 1), including impedance setting using impedance setting section comprising 
of impedance probe 110, impedance tuner 108 and controller (processor) 85. Further Rouax et al teach 
that harmonics developed in the plasma can be tuned by suitabily adjusting the value of matching 
capacitor 20 {like part of an impedance setting section} (Figure 1 and Column 9, line 55 to Column 10, 
line 10). 
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Additionally Hilliker also teaches that the filter circuit can allow frequencies of interest (includes 
higher harmonics as) to be delivered to plasma and absorb unwanted frequencies (including fundamental 
frequency of RF power). 

Regarding Claim 13: Rouax et al teach that the impedance tuner 108 is connected to lower 
electrode (Figures 5, 1 1). 

Regarding Claim 1 8: Hilliker teaches that filter circuits (Figures 1) have a resistance (that is 
impedance, since reactive component is very low) of 50 ohm to enable dissipate energy at other than 
desired frequencies (Column 4, lines 26-53). 

Regarding Claims 19: Hilliker teaches that Filter circuit 601 (Figure 6) include a high pass filter 
631 and a low pass filter 621 which can be set to cut any desired frequency including fundamental 

■ 

frequency component (Column 8, lines 25-67). 

Regarding Claim 27: Rouax et al teach the value of the input impedance can be set 
(configured) and controlled as per process limitation (Column 18, lines 30-65). 

Further it has been held in courts (Case Law) as follows: 
It would have been obvious to one having ordinary skill in the art to have determined the optimum value 
of a cause effective variable such as through routine experimentation in the absence of a showing of 
criticality. In re Woodruff, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

Claims 6, 16, 44 are rejected under 35 U.S.C. 103(a) as being unpatentable over Raoux et al 
(US Patent No. 7,004,107) in view of Kubota et al (JP 2000-286235) and Hilliker (US Patent No. 
6,631,693) as applied to Claims 1, 12, 26 and further in view of Collins et al (US Patent No. 
6,252,354). 

Regarding Claims 6,16, 44: Raoux et al in view of Kuboda et al and Hilliker teach all limitations 
of the claim including that variable capacitor of the impedance tuner 108 (Raoux et al) enables impedance 
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to be automatically adjusted (continuously varying element) in response to from impedance probe 1 10 to 
enable control impedance. 

Raoux et al in view of Kuboda et al and Hilliker do not teach impedance control stepwise by 
switching a plurality of fixed elements. 

Collins et al teach an apparatus (Figures 5, 6) that uses plurality of switches 520, 520' which can 
be closed in different combinations to provide choice of resistive matching ranges to facilitate impedance 
matching and that various inductive and capacitive elements may be fixed or variable (Column 10, line 52 
to Column 11, line 37). 

Therefore it would have been obvious to one of ordinary skill in the art at the time of the 
invention to use stepwise control of impedance as taught by Collins et al in the apparatus of Raoux et al in 
view of Kuboda et al and Hilliker to provide further optimization of plasma parameters. 

Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over Raoux et al (US 
Patent No. 7,004,107) in view of Kubota et al (JP 2000-286235) and Hilliker (US Patent No. 
6,631,693) as applied to Claim 12 and further in view of Shan et al (US Pub. No.2001/0009139). 

Regarding Claim 14: Raoux et al in view of Kuboda et al and Hilliker teach all limitations of the 
claim except that predetermined member is focus ring. 

Shan et al teach an apparatus (Figure 2) that has matched RF power connected to Process kit 
(focus ring) 220 [Paragraphs 0029, 0035, 0040]. 

Therefore it would have been obvious to one of ordinary skill in the art at the time of the 
invention to select focus ring as predetermined member as taught by Shan et al in the apparatus of Raoux 
et al in view of Kuboda et al and Hilliker to improve plasma uniformity (Paragraph 001 1). 
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Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over Raoux et al (US 
Patent No. 7,004,107) in view of Kubota et al (JP 2000-286235) and Hilliker (US Patent No. 
6,631,693) as applied to Claim 12 and further in view of Hendricks et al (US Patent No. 4,340,461). 

Regarding Claim 15: Raoux et al in view of Kuboda et al and Hilliker teach all limitations of the 
claim except that predetermined member is rectifying (baffle) plate. 

Hendericks et al teach an apparatus that has a conductive baffle (rectifying) plate 41 (Figures 1, 
2) connected to anode (upper electrode) 3 which is connected to RF power source [Column 4, lines 1-50 
and Column 7, lines 39-45]. As already explained above, Sato et al in view of Patrick et al and Parson 
teach plasma system where one of the electrodes is connected to matching network and impedance setting 
section with a controller for matching of impedance. 

Therefore it would have been obvious to one of ordinary skill in the art at the time of the 
invention to use baffle plate as predetermined member and connected to RF source (through one of the 
electrode-anode) as taught by Hendericks et al in the apparatus of Raoux et al in view of Kuboda et al and 
Hilliker to increase process uniformity (Column 6, lines 3-11). 

* 

Claims 28, 29 are rejected under 35 U.S.C. 103(a) as being unpatentable over Raoux et al 
(US Patent No. 7,004,107) in view of Kubota et al (JP 2000-286235) and Hilliker (US Patent No. 
6,631,693) as applied to claim 26 and further in view of Sato et al (US Patent No. 6,199,505). 

Regarding Claim 28: Raoux et al in view of Kuboda et al and Hilliker teach all limitations of the 
claim including parallel electrodes 40, 32 disposed in a reactor chamber 30, with a RF supply 13 
connected to upper electrode 40 at a first interconnection and another power supply 17 connected to lower 
electrode 32 at a second interconnection. 

Raoux et al in view of Kuboda et al and Hilliker do not teach second matching circuit connected 
to the second electrode at a second interconnection. 
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Sato et al teach an apparatus (Figures 1,3) which performs a plasma process on a target substrate 
66 bousing plasma, comprising an airtight process chamber 40a; 

first and second electrodes 78, 54a arranged in the process chamber, and first and second RF 
power supplies 86, 62 connected to the first and second electrodes through matching circuits 84, 60 
supply RF power, the matching circuits serving to perform input impedance matching relative to the RF 
power (Column 4, lines 40-63 and Column 8, lines 5- 50); 

Therefore it would have been obvious to one of ordinary skill in the art at the time of the 
invention to use second matching circuit for connection between second RF supply and the lower 
electrode as taught by Sato et al in the apparatus of Raoux et al in view of Kuboda et al and Hilliker to 
obtain independent matching between the low frequency RF power supply and the plasma load. 

Regarding Claim 29: Sato et al teach that frequency of first RF power source 86 is higher (30-300 
MHz) than that of second RF power source 62 (0.3 to 30 MHz) [Column 8, lines 30-40). 

Claim 30 is rejected under 35 U.S.C. 103(a) as being unpatentable over Raoux et al (US 
Patent No. 7,004,107) in view of Kubota et al (JP 2000-286235) and Hilliker (US Patent No. 
6,631,693) and Sato et al (US Patent No. 6,199,505) as applied to Claim 29 and further in view of 
Nakano et al (US Patent No. 6,270,618). 

Regarding Claim 30: Raoux et al in view of Kuboda et al, Hilliker and Sato et al teach all 
limitations of the claim except frequency of first RF power being lower than that of second RF power. 

Nakano et al teach an apparatus (Figure 11) that has first RF power supply 1 (13.56 MHz) 
connected to upper electrode 4 and second RF power supply 15 (100 

MHz) connected to susceptor 8 and where the system has a band eliminator 61b that can be set to 
resonance to select only a specific frequency to be supplied to susceptor (Column 1, lines 10-65). 
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Therefore it would have been obvious to one of ordinary skill in the art at the time of the 
invention to use frequency configuration for the electrodes as taught by Nakano et al in the apparatus of 
Raoux et al in view of Kuboda et al, Hilliker and Sato et al to enable generate plasma as per process 
limitations. 

Claims 41-43 are rejected under 35 U.S.C. 103(a) as being unpatentable over Raoux et al 
(US Patent No. 7,004,107) in view of Kubota et al (JP 2000-286235) and Hilliker (US Patent No. 
6,631,693) as applied to claims 1, 12, 26 and further in view of Shannon et al (US PGPUB No. 
2003/0192475). 

Regarding Claims 41-43: Raoux et al in view of Kuboda et al and Hilliker teach all limitations of 
the claim as explained above including an impedance setting section being configured to set a desired 
backward impedance value. 

Roux et al in view of Hilliker do not teach a circuit defining the backward impedance to resonate 
with at least one of higher harmonics. 

Shannon et al teach a plasma apparatus (Figures 1-5) that includes a chamber 100, with a RF 
power supply 132 coupled to lower electrode 1 10 through a matching network 134. Shannon et al further 
teach that by using a separate shunt circuit 502/504 coupled to a probe 506 (like an impedance setting 
section) and by suitably adjusting impedance of related chamber structures like feed line to cooling plate 
310, the higher harmonics can resonate and harmonic energy can be shunted to ground (Paragraphs 0020, 
0022-0026). 

Therefore it would have been obvious to one of ordinary skill in the art at the time of the 
invention to use separate circuit for shunting the harmonic energy to ground as taught by Shannon et al in 
the apparatus of Raoux et al in view of Kuboda et al and Hilliker to improve plasma uniformity 
(Paragraph 0026). 
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Conclusion 



Any inquiry concerning this communication or earlier communications from the examiner should 
be directed to Rakesh K. Dhingra whose telephone number is (571)-272-5959. The examiner can 
normally be reached on 8:30 -6:00 (Monday - Friday). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 
Parviz Hassanzadeh can be reached on (571)-272-1435. The fax phone number for the organization 
where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 
Information Retrieval (PAIR) system. Status information for published applications may be obtained 
from either Private PAIR or Public PAIR. Status information for unpublished applications is available 
through Private PAIR only. For more information about the PAIR system, see http://pair- 
directuspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 





Rakesh Dhingra 



Parviz Hassanzadeh 
Supervisory Patent Examiner 
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